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Objectives 

On completion of this unit, students will be able to: 
€ define matrix and state components of matrix. 

Ф = find the matrix with given formula for its elements and order. 


€ state the kinds of matrices and perform the addition and subtraction of matrices and also state the properties 
of addition of two matrices. 


e find the transpose of the given matrix. 


find the matrix multiplication and test the properties of matrix multiplication. 









| VIELGISE]ES 


|| We can represent different information about the data in the matrix form. It is very clear by representing the given 
information in the matrix form. 


The following table shows the number of boy and girl students in three different classes in a school. The 
information can be displayed in the form of matrices. The first row represents the number of boys, the second row 
represents the number of girls. Similarly, the first column represents students of class VIII, the second column 
represents the students of class IX and the third column represents the students of class X. 








Class УШ IX X 


Boys 15 18 16 | 
Girls 18 15 13 
u Specification Grid 


Application Higher ability Total Total 
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| Representation and Types of Matrices 





Introduction 


A set of numbers arranged in a rectangular form in rows and columns and enclosed by round (or square) 
bracket is known as a matrix. The plural form of matrix is matrices. The theory of matrices has become one 
of the most important and powerful tool in Mathematics. It has wide applications in various fields such as 
Statistics, Engineering, Economics etc. The following table gives the number of students in three classes of 


two schools. 
Class X Class XI Class XII 
School A 21 25 20 
School B 34 24 31 
The above information can be arranged in following rectangular form between round brackets. 
SchoolA ({27 25,20) I*row 
School B | mu o m BL | 2" row 


ан sess * 


1* col. 2% col. 3“ col. 


The numbers 27, 25 and 20 are in the first horizontal line and are said to be in the first row (R,) and the 
numbers 34, 32 and 31 are said to be in the second row (R,). Again the numbers 27 and 34 are in the first 
vertical line and are said to be in the first column (C,) and 25, 32 and 20, 31 are said to be in the second 


column (C,) and the third column (C,) respectively. 
The first row shows the number of students in three different classes of school A and the first column shows 


the number of students in class X of school A and B and so on. 


Order of matrix 
Each number of a matrix is known as an element or entry or component of the matrix. The number of rows 
and columns taken together gives an order or size or dimension of a matrix. The matrices are denoted by 
capital letters and the elements are denoted by small letters. 
For exa = | a b c 

mple, A d e f 
A is a matrix and a, b, c, d, e and f are its elements. The number of rows of matrix A = 2 and its number of 
columns = 3, so the order of matrix A is 2x3. A matrix ‘A’ of order 2x3 is denoted by А... 
The elements of a matrix are generally denoted by the corresponding small letters with double suffix where 
the first suffix indicates the number of rows and the second suffix indicates the number of columns of that 
element, 


For example B= bi b b 
р, b Ls 
Here, b, is an element belongs to the first row and the second column. Similarly, b,, is the element of the 


first row and third column. 


мыз teeta 
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Example 1: 
2 4 
If M = П -4 find 
-7 2 


a. The order of M and 


b. The values of m,, m,, and m,, 


2 3 
78 Here,M=| И -4 
-7 2 


b. m, =the element belongs to the 2" row and the 1“ column = 11. 
m,, = the element belongs to the Ist row and the 2" column = 3. 


m,, = the element belongs to the 3" row and the 2™ column = 2. 


Types of Matrices 


There are different types of matrices according to the dimensions of matrices and the nature of the elements. 


a. Row Matrix or Row Vector 


A matrix having only one row is known as a row matrix or a row vector. 
For example, = (2 5, В =(х у z). 
А and B are row matrices of orders 1x2 and 1х3 respectively. 


a. Number of rows = 3 and number of columns = 2, the order of M is 3х2. 
| 
b. Column Matrix or Column Vector | 

| 


A matrix having only one column is called a column matrix or column vector. 


a 
For example: P = В О = 2 , P and Q are column matrices of orders 2x1 and 3x1 respectively. 


c. Zero or Null Matrix 
A matrix in which each of its element zero is called a zero matrix or null matrix. 
0 0 0 0 0 
For example, M = | 0 Ч М = Р 0 o) M and N are null matrices of orders 2x2 and 2*? 


respectively. 
d. Rectangular Matrix 


A matrix in which the number of rows and columns are different is called a rectangular matrix. 


2 4 -2 
1 


2 3 
For example: C = | _5 _ 1 D- 1 - C and D are rectangular matrices of orders 2x3 and 


3x2 respectively. 
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e. Square Matrix 


A matrix having equal number of rows and columns is called a square matrix. For example: 


1 -1 7 
a b 
R= Р i ,Q | 2 2 8 | R and Q are square matrices of orders 2x2 and 3x3 respectively. A 
3 -4 0 


square matrix of order nxn is often said to be a square matrix of order n. 


f. Diagonal Matrix 


A square matrix having all non-diagonal elements zero is called a diagonal matrix. The elements 
belonging to same number of rows and columns are called the diagonal elements. а, a,,, a,, etc. are called 


2 0 1 0 0 
the diagonal elements. For example: D = | ) ,E=| 0 -2 0 
"i 0 0 5 


D and E are diagonal matrices of orders 2 and 3 respectively. 





g. Scalar Matrix 


A diagonal matrix with all its diagonal elements equal is called a scalar matrix. 


-4 0 0 

2 0 

X- Е 2 | ,Y- | 0 -4 0 | X and Y are scalar matrices of orders 2 and 3 respectively. 
0 0 -4 

h. Unit or Identity Matrix 


A square matrix with all diagonal elements unity and the rest zero is called a unit matrix or an identity 


1 0 0 0 
matrix. T — | 0 1 0 | S Е 1 E and S are unit matrices of orders 3 and 2 respectively. A unit 


0 0 1 
matrix of order 2 is denoted by I, and I, means a unit matrix of order 3. 


i. Equal Matrices 
Two matrices of the same order are said to be equal if their corresponding elements are equal. 
2 _1 2 —1 1 3 -2 1 3 -2 
For the matrices P={ 4 3 19-11 3 а 4 -5 0 |В=| 4 -5 0 
3 -1 6 3 -1 6 
P and Q are equal matrices as they are matrices of same order having corresponding equal elements. 
Similarly, A and B are equal matrices. 


j. Symmetric Matrix 
A square matrix is known as symmetric matrix if interchange of rows and columns makes no change 


in the given original matrix. For example, 
1 2 =ð 
1 2 
”- а 552 | 
-3 5 6 
i.e. having same elements in rows and columns of a square matrix is called symmetric matrix. 


ee ee ee —— 
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k. Triangular Matrix 


A square matrix in which all the elements above or below (or both) the main diagonal аге zero is called 
a triangular matrix. There are two types: 


i. Upper Triangular Matrix 
A square matrix in which all the elements below the main diagonal are zero is called an Upper Triangular 


Matrix. For example, (NI and | | are upper triangular matrices. 
0 0 : 


ii. Lower Triangular Matrix 
A square matrix in which all the elements above the main diagonal are zero is called a Lower Triangular 


0 0 
Matrix. For example, IS] and [Eos | are lower triangular matrices. 


Example 2: 





Construct a 2 х 3 matrix whose elements are given by aij = 4i — j. 


Уз As, aij =4i-j 


when 1= 1,j=1: 4,,=4%1—1= 5; 1=2,]=1: а. 24x 2—1-—7 
1= 1,) = 2: а,-4Х1-2-2, 1-2,)-2: а =4х2—2=6 
1=1,j)=3: a, =4х1-3=1; 1=2,j=3: а, =4% 2-35 


Hence, the required 2x3 matrix is 
A- (№ а. 8; = 2 3 
à, а, а, 7 6 5 
Example 3: 


x-1 3 -3 x+z 
= w-y 2 find the values of w, x, y and г. 


5 y 
х-1 3 -3 х+2 
тз, We have, 5 4 (3, 5 | 
By the definition of equality of matrices, 
Х-15--3 х+2= 3 
х=—2 or, -2+z=3 


2= $ 
Again, у = 2 апау у = 5 
on w-2=5 
у = 7 
Hence, м = 7, х = –2, у = 2andz = 5. | 
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EXERCISE : 3.1 


1. a. Write an example of row matrix of order 1x4. 
Write an example of column matrix of order 3х1. 


à x 0 
2. a. Ifthe matrixA= 0 x } then write its type. 


| 0 


0 
b. Ifthe matrix A= | 0 2 0 | then write its type. 
0 0 3 


| 11 2 3 
3. a. Write the order of matrix 4 5 6) 


b. In matrix P = К 12 Yl write its order and type. 
а, а,, а; 

| 21 12 16 | 
4. a. IfmatrixA- Ё 4 13 т) and а, = 17, find the value ofj. 





b. Ifthe matrix A (a,),,,, where а, = i + j, then what is the value of a,,? Write it. 


a b c 
5. a. Ifmatrix = а e f | then write the number of elements of А. 
g h i 


b. и ЧЫР s then find the value of x and y. 
6. a. A matrix has 8 elements. What are the possible orders can it have? 
. IfA is a matrix of order 2x5, find the number of elements of A. 
7.  Whatare the orders of the following matrices: 


a +t 3 1 2 
4 Ё 3 ;) b Е А 4 -2 7 
` 8 2 3 ЕИ. "10 0-4 3 
сал. 9 6 1 
8. a.  Aschool has three branches A, B and C. The number of boys and girls in those branches are as 
follows: 


Branch A has 270 boys and 209 girls, 
Branch B has 184 boys and 201 girls, 
Branch C has 203 boys and 143 girls. 


Express the above information in matrix form. 


b. Ifthereare 210 apples, 167 mangoes and 78 oranges in shop A and 198 apples, 200 mangoes and 
103 oranges in shop B, represent this information in the form of a matrix. 


1 4 3 »7 
9. a. Forthe givenmatrixA=| 3 6 -4 8 
-9 7? -41 2 
i. what is the order of the matrix? іі. find the values of a,,, a,, апда, 


ш. find the values of a, + а, and à, - a. 


M 
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b. 


2 
КА=| 3 


6 


-3 
8 
-7 


7 
4 
1 


[A 9 A 


1. write the orders of A and B. 


ii. 


find the values of a,,, a,,, b,, and b, 


Ч. find the values of a,, + bj а; — Pir 
10. State the types of the following matrices: 
0 0 1 10 0 
a |0 0 b. | с. (2 7) 0 3 
0 0 1 0 0 
4 0 | | | һ |0 1 0 
и | 0 M [5 o) ° 0 0 1 
2 0 0 1 2 3 
г 1. 4 [s 4 3 к |2 -2 4 
|-6 7 3 0 0 $3 3 4 1 
2 4 1 -2 0 0 b c d 
£. | 0 1 -2 | ш |3 5 0 n. 0 -a е 
0 0 4 5 1 6 0 0 -f 
a 0 0 a b E 
о. | 0 b 0 b r -d 
0 0 с c -d S 
11. State which of the following matrices are equal. 
2 
1 à 6 1 4 
ui 5) ei: o eiu 
1 —5 | 4 
0 2 
7 ] 1 3 
ь-[1 1) 8-1 3) [s t| 
5 6 7 -5 | 4 
12. Construct a 2x3 matrix whose elements a; are given by the formula. 
a a -it2j b. а=) с. а, -31-2) 
13, Construct a 3x3 matrix whose Шиний b, are given by the relation. 
a. b, Жэ b. b, = 3j-i c. b, = 4i - 3j 
14. a Е 2 | and Ё M are equal matrices, find the values of x and y. 


3 btl 
. Ё rig | find the values of a and b. 
3 
y 


xd 2 3 
c. If - |- Les 7) | find the alues of x and y 
a atb 2 5 
d ií(*. S 4 M find the values of a, b, c and d. 
2р q*1 р+2 rts 
e. ц 5 Е 5.4] find the values of p, q, r and s. 


2 ТУ” $ 
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32 | Üperation of Matrices 
«чинат 





Introduction 
Here we deal with the following operations on matrices to express two or more matrices into a single matrix. 
a. Addition of matrices 
b. Subtraction of matrices 
c. Multiplication of a matrix by a scalar 
d. Multiplication of matrices 
e.  Transpose of a matrix 


a. Addition of Two Matrices 


The sum of two matrices A and B of same order is a new matrix whose each element is the sum of 
corresponding elements of A and B. It is denoted by A + B and the order of + B is same as that of A or B. 


Note: If two matrices are of different orders then their sum is not defined. 
The following are the matrices of the number of boys and girls in three classes of two schools A and B. 





Group А Group B 

Boys Girls Boys Girls 
Class 10 (25 30 Class 10 [18 10 

P - Class 11 Г 21 | Q = Class 11 Ё 18 | 
Class 12 \16 18 Class 12 110 12 


Now, we want to find the total number of boys and girls classwise. 
Total boys in class 10 = 25 + 18 = 43 
Total girls in class 10 = 30 + 10 = 40 
Total boys in class 11 = 18 + 20 = 38 
Total girls in class 11 = 21 + 18 = 39 
Total boys in class 12 = 16 + 10 = 26 
Total girls in class 12 = 18 + 12 = 30 
The above information can be obtained by adding given two matrices P and Q. 


Group А Group B 
Boys Girls Boys Girls 
Class 10 (25 30 18 10 
P+Q=Class 11 | 18 21 | 7 | 20 18 
Class 12 \ 16 18 10 12 
Воуз Girls 


Class 10 (25+18 30410 
P+Q=Class11 | 18+20 21418 
Class 12 116410 18 + 12 


"Эгэл. 
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Boys Girls 


Class 10 / 43 40 
P+Q=Class 11 | 38 39 
Class 12 \ 26 30 


Example 1: 


1 3 -4 -5 3 0 
и4-(7 _3 y Jana B = F 4 ‘а find A+ в. 


1 3 -4 5 3 0 
?9. Here, A-[ 7 _3 0 Jana B= P 4 Al 


{1 3 -4 (-5 3 Л 
Now A*B-[; -3 00 (2 4 -4 
(1-5 3+3 -440 
ад, A*B-(512 -3+4 0-4 


-4 6 -4 
A+B=[5 1 4 


b. Subtraction of Matrices 


The subtraction of two matrices A and B of same order is a new matrix whose each element is obtained by 
subtracting the elements of B from corresponding elements of A. It is denoted by A — B and the order of 
A — B is same as that of A or B. 


Note: If two matrices are of different orders then their difference is not defined. 


Example 2: 


3 -4 -2 7 
ин! 1231 ЭЦимт-ааша-н 


6 7 3 8 
2 2 Р 7 
78 Неге,Р-|! and Q = Р: 
6 $ 
2 -3 — 2 -3- ЧЕ 4 —10 
Еф 1 4 1-0 M 1 9 
6 7 6-3 3 -1 


Similarly, 


i 
МЕТЕ 
Б 
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Properties of Matrix Addition 


Addition of matrices satisfy the following properties. 


— Closure Property 
If A and B are two matrices of same order, then the sum A + B is also a matrix of the same order as that of 


А ог B. For example: 


2 3 | _(4 -7 0 
a=( > -] ; |, andB=(_", -2 3 | then 


23 1 4 -7 0 6 —4 1 
ibn A * B-() xd 128: -2 JEN -3 el. 


Hence, the order of A+ B is 2x3 that is same as the order of A or B. 


п 
0) 
o 
ia 
~~ 
СО 
=> 
=. 





— Commutative Property 
If A and B are two matrices of same order, then A + B = В +A. 


For example: 


1 3 -3 1 
26 s аав 5 3 
0 5 -1 0 


1 3 -3 1 -2 4 
Е TIE TIE | 
0 5 -1 0 -1 5 
-3 |] 1 3 -2 4 
веле ЭШЕ Ч! | 
-1 0 0 5 -1 5 


A+B=B+A. 


= Associative Property 
If A, B and C are three matrices of same order, then (A+ B) +C =A + (B + С). 


For example: 


ItA-( ^ 5)8-1: 4 ва c= 6 3) 
then A B-( ^ 3Ї 3 41 (2:3 3 3 
Now, (A+B)+C=(_, 16 M 

(1*1 6*5) (2 MH), 

"Lees нЕ 6) 
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| t0 2) (Е 5) (011 245) (1. 7 
Again, B * C Ю ille | 544 4 і Ї 3 | 
| 2 
| 


| 4 | 7 [+1 447 
Now A! (В+ O [| la 11-53 8437 


(А+В)+С=А+ (В +С) 


е) 


= Additive Identity 
If A is any matrix and О is a null matrix of same order, then A+ O=O+A=A. 


For example. 
1 3 7 0 0 0 
IfA-[ 0 Jana o=[ 0 0 о then 
1 3 7 0 0 0 
ATO L4 0 21 [о 0 Я 
- үн 3+0 7+0 zh 3 7 
"1-440 0+0 -2+0) \-4 0 -2 
Р 41 3 71. 
Similarly, О & A -( ', 0 ЛА 
Hence, A+ O=O+A=A. 


= Additive Inverse 
If A is any matrix then there exists a negative matrix of A i.e. — A such that 


А + (-А) = (CA) + A= О. For example, 


3 -4 -3 4 
IfA- 2, ; |then -A=[ | 4 


(3 -4) (-3 4) (3-3 -4+4) (0 0). 
А+ СА. 5Р1 З| 10 556 o )79 
Similarly, (CA) +А = О 
^ А+(-А) = CA) *A7O. 


c. Multiplication of Matrix by a Scalar 


If A be a matrix of any order and k be a real number then the scalar multiplication of A by kisan 
matrix obtained by multiplying each element of A by k and is denoted by kA. 


су 


-] 
For example: If A = | : 4 5] then by addition of matrices 
(2 -1 3 2 -1 3 
2A -Atal 4 aleli 4 A 
(1 -1 +(-1) 3*3 -( -2 4l 


1+ | 444 -2+(-2) 2 B -4 


2x2 2x-1 2x3 
2A LER 2x4 4 


ии рии 
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"131, 13-13 
Similarly, j^ - 1 ] 4 3 


1 lor 1 1 g 

22149 21112 2 
=| Ч 1 1 111 

2х1 5х4 2562 2 2 -l 


_ „(2-13 
and-3A--3| | 4 2 


-3х2 -3x(-1) -33 -ts 3 2 
m -3х4 —3x(-2)] |-3-12 6] 


2 1 -2 

ия-(1 4 аав | 

a -12 1 |andB= 
Here, A = 3 д mdB-| 


2 | -2 3) (4 2 —6 4 
Now, 2A*3B =2{ 3 Jo 4 |06 JH 12 


4+(-6) 2-9 


6603) 41213 2| 
И ЕЕ 
з 4) ne) 
2-1-8) 1-12 

К> БЕ 


t 87) 
7 -12 
Example 4: д 


- : Jand 2X - Y -( | : } find the matrices X and Y. 


*& The given equations are 


х+ү=[/ 4 EN (1) 


2Х-Ү-(, 4 -— (2) 


Adding equations (1) and (2). 


inasa RR 
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A —4B 


" 


xev 


«Y «ox-v-(7 Jt 4 


1 91 (7 0 
ог, зх-| АН: 8 | 
-147 9+0 
ог, эх=[7+2 цаа! 


x, ax-( 2) 
х 950 3) 
Now from equation (1), we have 
x«v-( 4 
Or, Ё iJ v-G $ 
« v 248 1] 


uem 9-4 
"n Y-[73 44) 


Example 5: 


x 3 1 , 2 10 
и2( >; и z); yy > Sind the values ofw, x, y and z 


x 3 1 у\ (2 10 
A Here, 2{ * JEN ХН: yew] 


Ёс в )+[ 4 4у | (2 10 
-2 8 4+4х -12) (27 ytw 


Or, 
2x *4 6+4у 2 10 

" bee -4 HG yew) 

on 2x+4=2, or, 6+4y=10, 

or, 2x=-2, or, 4y=4 
x=] Г. у=] 
2+4х=2, —4=у+м 

on 2+4х-1=2 on -4=l+w 
25-2 2 =—5 


—-—5,.x--l,y-landz--2. 


_____ ___ „ү _— 
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EXERCISE : 3.2A 


1. Find the values of a, b, c and d. 





a. P E } ; A 4923) (1 5 5 
a 4 -4 4 ` \b-3 2 jJ c+4 б, 
es v4 Jl 3 -3 a+b a-b 4 2 
7 c-4) (4-2 2-3 8, d 7 БӨМ 53 
2. Add the following matrices: 
1 3 -2 1 1 5 5 -2-1 0 
a. P FG J b. (4 6 в) 2 Jj 
7 
1-3) (1 4 12 -3) ři 2-3 = 
c. 20+ 2-3 d 4 -5 6 1414 -5 6 Е 
5 —4 0 7 -7 8 9 -7 8 9 x. 
= 
3. Subtract the following matrices: 
В (o) b É 2 J Ё 1 o] 
^ (3/10 “17 4 0) |-7 6 0 
За b 2a -b 8 6 10 0 
б. кА 2а) (28 ч d. 4 71-1-2 8 
3 -2 3 2 
-2 3 8 8 
4. #А=[ о Jand B -(10 ig} find: 
a A+B b. А-В c. 2A а -jB 
| 3 -2 1 _(-3 1 
s А-1 3e !)ansce(-? 1) men na 
a A+B+C b. A+2B c. JA-2B d. A-B+2C 
А-В С A-iB4l 
6 "5 3B *5 
| 1 3 4 7 
6. a. Solve for the matrix X from equation X «| 5 3] |8 9} 
1 -2 | 3 4 
b. IfA-( 5 $ | find the matrix X such that A - 2X = 52} 
X 2) (5 
C. ц + Il | find the values of x and y. 
-3) ХУ) (7 
4. П 2 + “TY «s 5 } find the values of x and y. 
x 7 2 ] 5 8 


-— ———————————ÓÓ——————MáMUUUÁ'Á'MÁMÁMÉÁMEMEBMMMMMM 
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7. Find the additive inverse of the following matrices. 


-2 1 1 -4 
2 -l 2 3 4 0 
6 —7 3 -6 9 
| -3 2 
8. А 0 4 апав = (7, A then find: 


аа A-2B b. 2A+B c. 2А-ЗВ d. 4A+2B 


-3 5 
9. а. it P«Q9-[5 ; | азР-О-ү 7 | find P and Q. 


2 


З Jani A+ 2B =[ 5 3 } find A and B. 


| 


10. Find the values of a, b and c from the following equations. 
a 3 3 1)/(8 9 a 4 1 by (5 N 
а, 2 | о Je 918 4 B 10 31212 5) (3) 


(12-3). [0 2-1 12 3 ] | 
11. А-2, 0 „}в=[; 4 6 Janac=(5 6 ; | Вел find: 


b. If2A -8-: 


аа 2А+В-С b А+2В+3С с. +A+B-3C d. 3A-B+2C 


1 3 -3 5 10 2 
12. a. IfA-[ 4 о алав 5 | then find a matrix X such that A - 2B - 3X - 7 1 
b ЕР=) 4 4 zb 4 dR= n i P+Q+2Y=R 

i 4 3;Q7|5 7 јаак= g ul then find a matrix Y such that 3P + © 


C 


+ 


l a b 2 5 15 
13. a. || 51 3 2 5 | then find the values of a,b, c and d. 


1 5 1 2 
= “273 $ then find the values of x, y and z. 


x 7 y w 3 -5z+3 
C. и{ х г )+2(5, x) 4 10 ), find the values of w, x, y and z 
7 


-1 9 0 
14. a. IfA+B=( 4 | агА-В-( 3 17 ) find the matrices A and B. 


] -1 -8 3 
b. IfX+3¥=(y, 4 and 2X - 4 = (C 5, | find the matrices X and Y 


c. IfI is a unit matrix of order 2x2, find the matrix A such that 2A – 31 = F } 


LEE. 


ООН 


84 ~ Perfect Optional Mathematics Class 9 


Multiplication of Matrices 


Let us see the following two tables of certain information. 
Table 1 Table II 


Families Quantity in kg Famili Price in Rs. per kg 
T amilies 
Potato | 


X | 14 2 Rice 25 26 

Y 18 3 Potato 12 14 
The table I shows the amount of rice and potato consumed by two families X and Y and table II shows the 
price of rice and potato per kg in two different months Poush and Magh. 


How can we find the total expenditure of families X and Y for the months Poush and Magh? It can be shown 


in the following table. 




















Table III 


[Families | Poush | маш ` 





X 14x25 *2x 12 14x 26 +2х 14 

X 18 x 25+3 x 12 18 x 26+3 x 14 

Above multiplication operation can be presented in the matrix form as follows: 
Р Ч E "i и ан. машинд! 

2x2 2x2 2x2 


18 3 12 14 18x25+3x12 18х26+3 х14 


In above multiplication of matrices, the elements of the first row of the first matrix are treated with the 
elements of the first column of the second matrix. So the number of elements in the first row of the first 
matrix and the number of elements in the first column of the second matrix must be equal. i.e. number of 
columns of first matrix = number of rows of the second matrix. The multiplication of two matrices will be 


clear from following example. 


If A = | 1 , | and B = | : 5) the product of two matrices A and B is denoted by AB and is 
calculated by the following process. 


1 2 | 2 -3 
Here, A-[ ^ 4 аав а 0 ki 


i) 
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1 2 i 221-3 1х1+2х4 21х2+2х0 | — m 
2 (4 T Л Н | -3x1*4x4 1-3х244Х01  ....... 













LIA: вов ес» 


— [х1+2х4  1х2+2х0 1х(—3)+2х(—5) 
E ere -3х2+4х0 i-3x(3)r4xC 5): 









| (1 " (1 2 m 
. AB -[-3 4 2x0) 4 0 -5 Q3 


1х1+2х4 1х2+2х0 ен) 
уут -3x244x0 -3x(-3)*4x(-5) Jax 


| 9 2- “| 

13 —6 -11 Jas | | | 
Hence, if A and B are two matrices of order m x n] and Bi p respectively then the product AB is a matrix of 
order m хр. 


Properties of Matrix Multiplication 


If A, B and C are the matrices which are comfortable for multiplication with each other. The matrices B and 
C are of same order then the following properties hold for matrix multiplication. 


a. In general, АВ # BA (Non commutative) 

b. А(ВС) = (АВ)С (Associative property) 

c. A(B+C)=AB+AC (Distributive property) 

d. AI=IA=A (Multiplicative identity) 

Where I is a unit matrix comfortable for AI and IA. The above properties can easily be verified. 


Example 1: 


Find the product of following matrices. 
I 
. аза ь (Nas 


1 
*& а (13 o|-2]-a res en2«c» 


= (1-6-6)- (-11) 


1 (1x1 1x5 
b. [за 5,731 rd |, 
4 A 
"13 15) | 


NEED: 
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Example 2: йо 


1 -4 21 9 | 
If A = 7 3 and B — | з 0 |, find AB. Does BA define? If BA is defined, find ВА апа show 
that AB ¢ BA. 


] -4 -] 2 
A Here, A = 7 з аав j" 


ав -[ yf 0) 


к = > ш Ix2+(-4)x0) [-13 2 
“17х-143х3 7х2+3х0 БЕ ją Jand 
-] 2)\f1 -4 
BA - TE чі 
-| ~1x1+2x7 -1x-4*2x3) (13 10 
7х-1-43х3 3х-4-0х3 |) (3 -12 





Since, Corresponding elements of AB and BA are not equal, АВ + BA. 
Example 3: ———————————————————————————————— 


1 O 1 2 2 0 | 
ifA-| › 4). 8-L. 3 Jana С=[ 3 | verify that: 
аа А(В+С) = AB - AC b. А(ВС) = (AB)C 


ва вес 41211582) 
^s«o-(, 2) (1 2) ва a-a}els 2) 
в-[; AS ip VM 1) 
Ac«(5 AG ALS 04111) 
astaca ie Ms 2) 


ЭЛЕЕ 
аво -(5 AS 3/(6:5 -443/ 1-1) 
“Ч “MG 1411-2512) 


5 SUL [2+3 0-1) = kl 


(AB)C = (4 
A(BC) = (AB)C. 


| 


т A маи тии а 
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| 


“a We вакс (бу. | [ 2 в (o) 


Example 4: 


IfA -| ; : Jsh ow that A? — 2A — 5I = О, where I and О are idendity and null matrices Of order 2x) 


0 0 
T9. Here, A-[ ; ICE | Jand O=[ 0 о then 


3 1 0 1 


| 2 1 2) (1х1+2х3 ee 
3 ale 1“ 314153 3х2+1 х] 


1+6 нА 7 :) 
"(3-3 6+1 « 7 


7 4 1 X 1 0 
Now, А?-2А-51-( ]-24 3 1 1-54, 1 | 


e- 


11510: 


"(1-2-5 4-4-0) 10 4 Р 
-|6-6-0 7-2-5| "| o о |Ргоүе4 


оноон 


2 5 6 
IfA= 3 0 |, find a matrix X such that AX = |: 3 0 |. 


XW Aisa2x2 matrix and the matrix on the right hand side is also a 2x2 matrix, so X must be a 2x2 matrix. 


b 


a 5 6 
Lax-(: а aaax = [> o] 


1 2 a b 5 6 
E; E ЧЁ а |= (3 Ч 

а + 2c b + 2d 5 6 
n bre -5«0]" | 
on —За=-3 2,8 
on а+2с= 5 C 
on -30-0 0 
or, b+2d=6 d 


= 3) 


Example 6: 


7х + 1 2 30 
If ihe |= ^ a (2) пате values of x and y. 


6y-2 -] 8/12 


э = haere 
05 (бу-2) (-1х0-48х2 


чы 
05 (6y—-2) (16 
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Now, comparing corresponding elements, we have 


7x+1=6 and бу-2-16 
or, 7x=6-1 or, 6y=16+2 
or, 7x=5 or, 6y=18 
— Or. = 
7 6 
y=3 


5 
Hence, x 773 and y =3 


Transpose of a Matrix 


A matrix obtained by interchanging the rows and columns of a given matrix is known as transpose of the 


1 0 
matrix. If A is given matrix its transpose is denoted by АГ or A’. For example if A = | 3 -2 | Шеп 115 
i is AT = 1 3 5 5 4 
ranposeisA =| _„ д |. 


Example 7: 





2 3 0 -1 
If A z" 4 Jana в = 23 | then prove that (AB)! = B'A". 





2 3 2 -1 0 -1 о 2 
a Here, A- ^ $ |then ar=[ 3 4 | мв-(, | евв"-| "| 3 
(2 3)(0 -1) [0+6 -2+9) (6 7 т. (© 5 
Now AB-[ ^ alls | Loss 3228 (3 and (AB) -(7 13 
| 0 2)(2 -1) (0-6 0+8) (6 8 
TAT — — = 
Again B'A b TIE il ae idl [s - 


л (AB)! = ВТАТ, 


EXERCISE : 3.2B 


1. Find the product of the following matrices. 


sex) es) «(Ж «(Gm 


6 
2 0 3 Го 
2. а. ItA-[ Jand B = 2 4 | find AB and BA. 
1 4 0 
3 -l 
2 3 a b (4 8 
b. ita- || 4 Jand B={ 5 2 }and AB =( 5 9 } find the values of a and b. 
3. Find the value of x: | 
2 2x 
a. (х -9 “Өө b. 0 9| 4 ) 009 


[уз е 630 CSS 
e [s a) s)-(0 (0-5У/ Lu) 
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4 а IfA -| > з Jand B = Ё гү! then prove that АВ is an identity matrix. 
b. P= =: Q= 7 0 Jand PQ is an identity matrix, then find the values of 
| (5 9? -5 4 Р ot m and n, 
1 3 1 4 
5. ЇЇР- Jani Q = 0 —2 |, find 
1 4 4 s 
a. PT b. Q' c РО" 
d. РО e. (РОТ)! f  (QP)' 
1 2 5 -2 {i 3 | 
6. IfA-( 3 0)8-0 3 Jandc=[ 6 3, then show that 
а АЗ=ВА b. (АВ)С = А(ВС) 
c А(В+С) = АВ +АС d. В(С-А) = ВС -– ВА 
4 2 1 m е 
7. a. НА= 3 4 — 5| апа В= | 0 3 |, find AB. Does BA define? If BA is defined, find BA. 
Are AB and BA equal? dim 
4 -2 5 
b. НА-(0 5841: 4) аас, , then show that AB = AC. 
8. Ineach of the following cases, prove that AB = BA - I. 
7 4 3 — 11 -4 3 4 
a. А-(: 3 Jan -[ 7 Ч b. a(l 3 апав = = 1) 


9. Solve the matrix equations if X is a matrix of order 2x1. 
2 3 _ (74 -4 0 4 
a [1 aye) » (5 7/-0) 
e 2113 11. .(4 6 
10. a. Which matrix pre-multiplies to the matrix з 4)|Bivematrix| > 4 


3 |ю get the matrix (4 — 1)? 


b. Which matrix pre-multiplies to the matrix | : 


11. IfA-( : : Jana B -(7 1) show that: 
а. (Ау-А b (A+B) =A"+B"c. (AB)T=BTAT d. QA)-2À 
12. a. ГА = Ё : ) find A? and show that A? — 5A + 6I = O, where I and O are the identity and the 
zero matrices of order 2x2. 
b. IfB Ч | > ) find B? and show that B? — 5B + 81 = О, where I and О are the identity and the 


zero matrices of order 2x2. 


1 4 2.4 , 
с. IfA-( 5 | ав-(72 0 | then show that A? — 8B — 171 = О where I and О are unit #1? 


zero matrices of order 2х2, 
DE E 


ПОНИНИН 
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